Humans find symmetrical faces more attractive than are asymmetrical faces. Evolutionary psychologists claim that our preference for symmetry can be explained in the context of mate choice because symmetry is an honest indicator of the genetic quality of potential mates. These arguments assume that asymmetry in human faces is fluctuating asymmetry (FA), because this form of asymmetry can be revealing of developmental instability. However, no study has yet examined the characteristics of facial asymmetry. Here we provide the first detailed study of the patterns of asymmetry in human faces. We measured asymmetry in 35 facial traits. Although some traits had distributions characteristic of FA, many had distributions that characterize directional asymmetry (DA); on average, both men and women had right hemi-face dominance. For DA traits we used deviations from the mean asymmetry as a measure of developmental instability. Our measures of asymmetry accounted for a moderate proportion of the variance in perceived symmetry. Importantly, only FAs and random deviations from DA contributed to people's perception of symmetry. DA was not important in symmetry judgments. Faces rated as symmetrical were also rated as attractive. Random deviations from DA were weakly related to women's attractiveness judgments of men's faces. DAs did not influence attractiveness judgments. Our data suggest that people focus on aspects of facial asymmetry that may be revealing of developmental instability. Further studies that isolate FA from other forms of asymmetry are required to accurately assess the influence of developmental instability on the quality of individuals and its potential role in mate preferences.
Humans find symmetrical faces more attractive than are asymmetrical faces. Evolutionary psychologists claim that our preference for symmetry can be explained in the context of mate choice because symmetry is an honest indicator of the genetic quality of potential mates. These arguments assume that asymmetry in human faces is fluctuating asymmetry (FA), because this form of asymmetry can be revealing of developmental instability. However, no study has yet examined the characteristics of facial asymmetry. Here we provide the first detailed study of the patterns of asymmetry in human faces. We measured asymmetry in 35 facial traits. Although some traits had distributions characteristic of FA, many had distributions that characterize directional asymmetry (DA); on average, both men and women had right hemi-face dominance. For DA traits we used deviations from the mean asymmetry as a measure of developmental instability. Our measures of asymmetry accounted for a moderate proportion of the variance in perceived symmetry. Importantly, only FAs and random deviations from DA contributed to people's perception of symmetry. DA was not important in symmetry judgments. Faces rated as symmetrical were also rated as attractive. Random deviations from DA were weakly related to women's attractiveness judgments of men's faces. DAs did not influence attractiveness judgments. Our data suggest that people focus on aspects of facial asymmetry that may be revealing of developmental instability. Further studies that isolate FA from other forms of asymmetry are required to accurately assess the influence of developmental instability on the quality of individuals and its potential role in mate preferences. Key words: developmental instability, facial attractiveness, fluctuating asymmetry, humans. [Behav Ecol 15:864-871 (2004)] P sychologists have long been interested in the cognitive mechanisms and adaptive significance of facial attractiveness (see Rhodes and Zebrowitz, 2002) . Men and women find traits such as averageness, symmetry, and masculinity (in male) or femininity (in female) in faces attractive (for recent reviews see Fink and Penton-Voak, 2002; Thornhill and Gangestad, 1999; Zebrowitz and Rhodes, 2002) . Placed in the context of sexual selection (Andersson, 1994) , our preferences for facial features are proposed to be evolved adaptations for mate choice, with the targets of our preferences being signals of the genetic quality of potential mates .
Over the past decade, research on facial symmetry has been prolific, driven by the historically established link between fluctuating asymmetry (FA) and developmental instability (Mather, 1953; Van Valen, 1962; Zakharov, 1981) . FA is a particular form of asymmetry characterized by random deviations from perfect symmetry in bilaterally paired traits. FA arises when an organism is unable to undergo stable development owing to environmental stress and/or genetic factors (see Polak, 2003 and references therein) . FA is thus widely recognized as an outward expression of an individual's genetic quality. The study of FA has therefore had great appeal to those interested in exploring the evolution of mate preferences via sexual selection (Møller and Thornhill, 1998; Tomkins and Simmons, 2003) .
Several studies have found that natural variation in facial symmetry covaries positively with perceived attractiveness (Grammer and Thornhill, 1994; Jones and Hill, 1993; Langlois et al., 1994; Mealey et al., 1999; Rhodes et al., 1998 Rhodes et al., , 1999 Rikowski and Grammer, 1999; Scheib et al., 1999; Zebrowitz et al., 1996) . Although experimental studies have reported both positive and negative influences of facial symmetry on attractiveness (Kowner, 1996; Swaddle and Cuthill, 1995) , conflicting evidence seems mainly owing to the methods used to construct symmetric faces (Rhodes et al., 1999) . Symmetric faces generated by reflecting half the face about its vertical midline are unattractive because they exaggerate structural abnormalities. Symmetric faces generated by using morphing techniques are more normal in appearance and are perceived to be more attractive than are original asymmetric versions Rhodes et al., 1998 Rhodes et al., , 1999 .
Given that facial symmetry is attractive to members of the opposite sex, it is tempting to conclude that facial symmetry provides a reliable cue to the genetic quality of potential mates (Gangestad et al., 1994; Grammer and Thornhill, 1994) . However, the FA-sexual selection hypothesis assumes that asymmetry in human faces is FA, rather than other forms of asymmetry such as directional asymmetry (DA). DA arises owing to nonrandom genetic and/or developmental processes and, as such, may not be revealing of underlying developmental instability (Klingenberg, 2003; Palmer and Strobeck, 2003) . Previous studies of facial symmetry have constructed artificial symmetry in faces, have used subjective ratings of symmetry, assuming that observed symmetry in faces is FA and therefore reflective of developmental instability, or have measured facial asymmetry without isolating FA. Although ratings of symmetry can be negatively correlated with measures of asymmetry (but see Penton-Voak et al., 2001; Rhodes et al., 2001; Scheib et al., 1999) , those studies that have measured asymmetry in faces have either failed to assess its statistical properties (Grammer and Thornhill, 1994; Penton-Voak et al., 2001; Scheib et al., 1999) or found high levels of DA with right hemi-faces being larger on average than left hemi-faces (Farkas and Cheung, 1981; Peck et al., 1991; Sackeim, 1985) . One recent study that used measures of facial asymmetry and assessed their statistical properties found that significant associations between asymmetry and attractiveness held regardless of whether traits exhibiting DA were included in the composite symmetry score or not (Hume and Montgomerie, 2001) . Although encouraging, this analysis does not allow us to determine the relative contributions of FA and DA to perceived facial symmetry and attractiveness, or the extent to which asymmetry in human faces reflects developmental instability.
The aim of the present study was to rigorously examine the statistical properties of asymmetry in human faces and to determine the contribution of different forms of asymmetry to perceived symmetry and attractiveness. If human preferences for symmetric faces represent an evolved strategy for mate choice based on genetic quality, as evolutionary psychologists claim, then the traits that contribute most to perceived symmetry and attractiveness should reflect underlying developmental instability.
METHODS

Subjects
Color frontal facial photographs of 172 males and 205 females with a mean age of 23.4 years (SD ¼ 6.0, range ¼ 18 À 47) and 22.8 years (SD ¼ 5.5, range ¼ 17 À 51), respectively, were used. Of these, 292 self reported themselves to be Caucasian, 73 Asian, 5 Eurasian, 2 African, 1 Australian Aboriginal, 1 New Zealand Maori, 1 Hispanic, and 1 Lebanese; one did not specify.
Facial jewelry was removed before taking photographs. Jewelry that could not be removed easily was removed on digital photographs by using the stamp tool in Adobe Photoshop, version 7.0. Occluding hair was removed from the face, shoulders, and neck region by providing participants with a headband. Subjects were asked to maintain a neutral facial expression. No males had beards. All photographs were taken under the same (symmetric) lighting conditions against a white background. Image size was controlled by taking photographs from a fixed distance (190 cm). Three facial photographs were taken of each individual, and the two best photographs (based on quality, positioning of the poser, a closed mouth, open eyes, and neutral expression) were used. All photographs were taken with a digital camera and were downloaded onto a Macintosh computer.
Ratings
One hundred eleven (54 males and 57 females) raters participated in the rating part of the study, in return for course credit, travel expenses, or as volunteers. The mean age of male and female raters was 20.3 years (SD ¼ 4.9, range ¼ 16-41), and 19.5 years (SD ¼ 6.0, range ¼ 16-55), respectively.
Adobe Photoshop was used to rotate facial photographs so that both pupil centers were located on the same ycoordinate. A black oval mask was placed individually around each face hiding most of the hair and neck, but leaving the face outline and inner hairline visible. Faces measured approximately 11.5 3 8.5 cm (height 3 width of oval mask) on the screen and were viewed from about 57 cm. Photographs were randomly divided into four sets: two containing 50 male and female faces, one containing 44 male and 50 female faces, and one containing 28 male and 55 female faces. The SuperLab Pro 1.75 software package was used to control the presentation order of the stimuli and record participants' responses on a Macintosh.
Participants were randomly assigned to one of two groups who rated either how symmetrical or attractive they thought each face was, using a 7-point scale (1 ¼ not symmetrical, 7 ¼ very symmetrical; 1 ¼ not attractive at all, 7 ¼ very attractive). Thus, ratings of each face's symmetry and attractiveness were independent. Participants were instructed to use the whole range of the scale if possible. For each set, the faces were blocked by sex, with order randomized within blocks, and face sex order counterbalanced with the sex of the rater for each rating set.
After participants had rated the stimuli, they were asked to indicate if they had seen any of the faces presented in the experiment before (e.g., around campus or in a previous study). Because familiarity with stimuli can influence ratings (see Hume and Montgomerie, 2001) , any ratings of a face that were made by a participant who recognized that face were not included in the calculation of the average rating for that face. This involved just 0.3% of attractiveness ratings and 1.8% of symmetry ratings. Interrater reliability was good (Cronbach as: for symmetry ratings: males rating male, 0.71, and female, 0.75, faces; females rating male, 0.63, and female, 0.72, faces. For attractiveness ratings: males rating female faces, 0.86; females rating male faces, 0.87).
For judgments of symmetry, we used the mean scores for male or female faces averaged across both male and female raters. Male ratings of symmetry correlated well with female ratings: female faces, r ¼ .72, df 203, p ,.0001, male faces, r ¼ .71, df 170, p ,.0001. However, we restricted our presentation of analyses of attractiveness to opposite sex ratings because we were interested in the potential role of symmetry in mate choice decisions.
Measurements
National Institutes of Health Image 1.62 was used to place points on landmark locations on the (unmasked) facial photographs ( Figure 1 ). The face images were approximately 12.9 cm high (from top of hair to bottom of chin) by 9.1 cm wide (ear to ear at widest point). The screen resolution was 1024 3 768, and we used a 20-inch monitor. Corresponding points were positioned on the inside (P3 and P4) and outside (P1 and P2) corners of the eyes, cheekbones (widest horizontal part of the face below the eyes, P5 and P6), widest points at the sides of the nostrils (P7 and P8), corners of the mouth (P11 and P12), the jaw (widest horizontal part of the cheeks at the mouth, P9 and P10), and the base of the chin (P14 and P15) (Figure 1 ). One point was placed on the lip vertex (P13). Two of us independently positioned the points on a subset of 25 male and 25 female faces to check the reliability of the positioning of the points. There was a high reliability of positioning P1 through P15 (male faces: r ¼ .84, p ,.001; female faces: r ¼ .82, p ,.001).
Thirty-five pairwise distances between all points on the same side of the face were measured twice, once on each replicate photograph (see Appendices 1 and 2). All measurements were made in pixels. Seven of the 35 trait measures involved measuring the deviation of the bilateral points from the vertical midline. The vertical midline was calculated for each face by finding the mean midpoint of seven horizontal lines joining corresponding points on each hemi-face (i.e., P1 and P2, P3 and P4, P5 and P6, P7 and P8, P9 and P10, P11 and P12, and P14 and P15) (Figure 1 ). We also used these horizontal lines to calculate horizontal asymmetry, a measure of asymmetry introduced by Grammer and Thornhill (1994) and used in previous studies of face asymmetry (see Hume and Montgomerie 2001; Penton-Voak et al., 2001; Rhodes et al., 2001; Scheib et al., 1999) . Briefly, horitzontal asymmetry is the sum of the deviations between the midpoints of each horizontal line and the average midpoint calculated across these lines (i.e., the vertical midline used above). In a perfectly symmetrical face, all midpoints will fall on the vertical midline.
RESULTS
A detailed statistical evaluation of the repeated measurements of asymmetry for the 35 bilaterally paired facial traits is available in Appendices 1 and 2. We analyzed male and female faces separately because faces are sexually dimorphic. In summary, for male faces all traits were significantly repeatable with a mean (6SE) F ratio of 5.52 6 0.53, range ¼ 2.54-15.38, df ¼ 171,172, all p ,.001. The mean estimate of repeatability was 0.76 6 0.02 (range ¼ 0.61-0.94). The same was true for female faces (mean F ratio 3.98 6 0.32, range ¼ 1. 50-10.03, df ¼ 204,205, all p ,.002 ; mean repeatability ¼ 0.70 6 0.02, range ¼ 0.52-0.90). For male faces 12 of 35 traits (34%) had the statistical properties characteristic of FA; mean values were normally distributed about zero (Appendix 1). The remaining 66% of traits exhibited DA. Five of these traits were significantly larger on the left hemi-face and 18 were significantly larger on the right hemi-face (binomial test p ¼ .005), indicating that in general the population showed right facial dominance. For female faces seven of 35 traits (20%) had the statistical properties of FA (Appendix 2). Of the remaining directionally asymmetrical traits, seven were significantly larger on the left hemi-face and 21 were significantly larger on the right hemi-face (binomial test p ¼ .006), again indicating right facial dominance. The difference in the proportion of traits exhibiting FA between males and females was not significant (v 2 1 ¼ 1.16, p ¼ .285). The recommended method for determining whether asymmetry in bilateral traits conforms with a populationwide pattern of FA or DA is potentially problematic because it depends on acceptance of the null hypothesis that the mean asymmetry is equal to zero. As such, the tests are dependent on statistical power. Among other things, distinction between FA and DA will depend on sample size. With large sample sizes, very small directional asymmetries may be statistically significant even though they have no biological impact. The question of biological significance is therefore relevent here (Colegrave and Ruxton, 2003) . To address this issue, we calculated Cohen's (1988) standardized effect sizes (d) and their 95% confidence bands (see Appendices 1 and 2). For male faces the effect sizes for traits accepted as showing DA ranged from 0.156-0.539, with a mean of 0.323 6 0.026. For the smallest effect size, we could reject an effect size smaller than 0.096 and larger than 0.215 at the 2.5% level. For female faces the effect sizes for traits accepted as showing DA ranged from 0.162-0.500, with a mean of 0.333 6 0.023. For the smallest effect size, we could reject an effect size smaller than 0.102 and larger than 0.223 at the 2.5% level. These effect sizes suggest that the traits for which we reject the null hypothesis of FA have biologically relevant levels of DA. On the other hand, with our sample size we have the power to detect deviations from zero as low as 0.15 SD units so that any traits misclassified as FA in our tests will have DA so low in effect size that they are unlikely to have biological significance, or impact, on our analyses.
From those traits found to show FA, we calculated a composite measure for each individual (FA17 in Palmer and Strobeck, 2003) . We first scaled for trait size by dividing the unsigned value of FA by mean trait size, then summed FAs across traits, and divided by the total number of traits in the composite. Composite FA is thus a unitless measure and was natural log transformed to achieve normality. When we refer to FA in an individual's face, we mean the facewide asymmetry variance in those traits having populationwide patterns of FA. A composite score for DA was also calculated. We first scaled for trait size by dividing the signed value of DA by mean trait size, then summed DAs across traits, and divided by the total number of traits in the composite. When we refer to DA in faces we therefore mean the face's average side dominance calculated across all facial traits with population patterns of DA. There was no difference between males and females in composite facial FA because this score controlled for the numbers of traits with populationwide properties of FA (t 375 ¼ 0.15, p ¼ .879; untransformed mean composite FA: males, 0.034 6 0.001, females, 0.035 6 0.001). However, because males tended to have more traits with FA, the total facial FA across traits was greater for male faces (t 375 ¼ 11.12, p , .0001; untransformed mean total FA: males, 0.407 6 0.014; females, 0.244 6 0.009). Male faces also had greater DA than did female faces, even when contrasting composite DA (t 375 ¼ 2.22, p ¼ .027; untransformed mean composite DA: males, 0.009 6 0.001; females, 0.005 6 0.001). Levels of composite FA were not significantly associated with levels of composite DA (male faces: r ¼ À.13, df ¼ 171, p ¼ .081; female faces: r ¼ À.08, df ¼ 204, p ¼ .250).
Although Palmer and Strobeck (2003) suggest that as a general rule DA should be excluded from FA analyses, it has also been argued that DA and FA can both be revealing of underlying developmental instability (see Graham et al., 1993) . The mean DA in a sample will not reflect the morphological outcome of random perturbations owing to developmental noise and is therefore fundamentally different from FA (Klingenberg, 2003) . However, there could be random deviations about the mean DA that are owing to developmental instability (Palmer and Strobeck, 2003) . We therefore used Graham et al.'s (1998) major axis technique to calculate estimates of individual asymmetry for traits showing population properties of DA. Briefly, a principle components analysis of the covariance matrix between measures of left and right sides was conducted for each DA trait. Factor scores on the first principal component represent the sum of the variation in trait sizes. Scores on the second principal component represent estimates of individual asymmetry (Graham et al., 1998) . Thus extracted, we calculated a composite measure of asymmetry about DA traits by summing the absolute scores across these traits and dividing by the number of DA traits in the composite. Thus, when we refer to FA about DA traits, we mean the facewide asymmetry variance about the . By far, the most informative measures for predicting perceptions of asymmetry and attractiveness were random deviations from the population mean DA. This may explain why some previous studies that have used horizontal asymmetry have found inconsistent relationships between measured symmetry and attractiveness for male and/or female faces (Hume and Montgomerie, 2001; Rhodes et al., 2001; Rikowski and Grammer, 1999; Shackelford and Larsen, 1997) .
DISCUSSION
Our analyses revealed that human faces have significant levels of DA. In general, male and female faces showed right hemiface dominance, a finding congruent with previous morphometric studies of faces (Farkas and Cheung, 1981; Peck et al., 1991; Sackeim, 1985) . Interestingly, Nicholls et al. (1999) found that people asked to portray emotion displayed the left hemi-face (which tends to be smaller), and those asked to conceal emotion and to portray themselves as successful scientists displayed the right hemi-face (which tends to be larger), suggesting some functional significance for DA in the expression of emotion.
Despite the DA in human faces, it was asymmetry in traits that conformed to populationwide FA and random deviations from the population mean asymmetry in DA traits that made the strongest contributions to people's perceptions of symmetry. Indeed, for male and female faces the magnitude of DA had no significant impact on perceived symmetry, consistent with the finding that people adapt to consistent aspects of facial structure and notice deviations from them (Rhodes, 1996; Rhodes et al., 2003b; Webster and MacLin, 1999) . Our data therefore suggest that our perception of symmetry in human faces may be tuned to traits that are revealing of developmental instability. Our measures of asymmetry only captured around 20% of the variance in perceived symmetry. Measures were taken from two-dimensional photographs of a complex morphological trait. People, on the other hand, are face experts and can make extremely fine discriminations between faces (Kanwisher, 2000; Peterson and Rhodes, 2003) and can detect tiny deviations from perfect symmetry about a vertical axis in complex biological images such as faces (Evans et al., 2000) . It is not surprising, therefore, that we were only able to capture a small proportion of the variance in their perceptions of symmetry with our measurements. Accordingly, although perceived symmetry was strongly related to attractiveness for both male and female faces, measured asymmetry was only related to attractiveness in male faces. Interestingly, however, it was again asymmetry variance about DA that strongly influenced women's perceptions of attractiveness in men's faces, rather than the degree of DA itself. These results suggest that we can perceive subtle asymmetries that are thought to reflect underlying developmental instability, and that these perceptions can influence our judgments of attractiveness. More precise multidimensional assessments of FA might yield stronger direct relationships between FAs and attractiveness.
Males tended to have more traits that exhibited FA than did females, resulting in quantitatively more FA in male than in female faces. Furthermore, males also had greater asymmetry variance around DA traits than did females. That correlations between these two measures of asymmetry were strong and positive lends support to the notion that they both reflect the same underlying developmental instability. The sexual dimorphism is of interest because males could be more susceptible to stress during facial development than are females. During development, testosterone results in the masculinization of male faces; males develop larger jaws, chins, and prominent brow ridges (Enlow, 1990; Silvera et al., 1992; Tanner, 1978) . But testosterone also suppresses the immune system (Alexander and Stimson, 1988; Grossman, 1985) , perhaps exposing males to greater health-related stress during adolescence. Thus, male faces might be more susceptible to the developmental instability that generates random deviations from symmetry or DA. If both masculinity and FA signaled underlying genetic quality, we should expect men able to produce highly masculine faces to also have lower levels of FA, and females to prefer a combination of these traits. Masculinity in male faces has been shown to contribute to attractiveness in some studies (Grammer and Thornhill, 1994; Johnstone et al., 2001; Penton-Voak et al., 1999) but not others (Perrett et al., 1998; Rhodes et al., 2000; Swaddle and Reierson, 2002) . The evidence for a relationship between masculinity and symmetry is equally conflicting (Gangestad and Thornhill, 2003; Penton-Voak et al., 2001; Scheib et al., 1999) . The problem with the latter studies is that they consider symmetry in general, rather than FA in particular, and must therefore remain equivocal. Elsewhere we have found that masculinity is not related to FA, or any other measure of asymmetry, in our sample of male faces (Koehler et al., 2004) . Given that human faces do exhibit FAs and that FAs influence our perceptions of symmetry in faces, it is interesting to ask whether facial FA reflects the phenotypic and/or genetic quality of individuals. Body asymmetry has been suggested as a possible measure of developmental instability in humans (Livshits and Kobyliansky, 1991) , and body FA is associated with poor semen quality in men (Firman et al., 2003; Manning et al., 1998) . A recent meta-analysis suggests a weak effect size of general facial attractiveness on mental (0.16, 95% CI ¼ 0.09/0.23 from 19 studies) and physical health (0.38, 0.24/0.53 from five studies; Langlois et al., 2000) , and facial asymmetry is perceived as healthy Rhodes et al., 2001 ). However, only three studies have examined the specific relationship between facial symmetry and health, and none have isolated the effect of FA. Shackelford and Larson (1997) reported more than a thousand correlations between facial symmetry and physical, psychological, and emotional health, but the number significant did not exceed that expected by chance alone. Rhodes et al. (2001) found no relation between facial symmetry of subjects and their current health or childhood, adolescent, or mid-life health. In the later data set, facial averageness, also perceived as attractive, was associated with health (Rhodes et al., 2001) , and men with masculine faces had better health during adolescence (Rhodes et al., 2003a) . These data therefore suggest that although some facial traits may signal health, symmetry may not be one of them. Finally, by using a combined asymmetry score that included both FA and DA, Hume and Montgomerie (2001) found that body mass index, reported health problems, or socioeconomic status were not associated with facial symmetry in males, and in females only body mass index showed a positive association. These findings did not differ qualitatively when only traits showing FA were used. Collectively, these studies provide little support for the notion that facial FA is reflective of health. Nevertheless, the costs of developmental instability may lie elsewhere, such as in longevity and/or fecundity. Recent work suggests that facial attractiveness is associated with longevity (Henderson and Anglin, 2003) . Future studies need to both isolate FA in morphological traits and to see how asymmetry in these traits influences fitness in a broad life-history context. 
